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5L 1 
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^on s^^y] w o]^ l-S" ^E. blood pump 

actuator and a blood pump system having the same} 

<i> 5L <y^Alc.flo]) al-€- l^Ji .^^7] ^ o)^ ^uls>fe ^<?n 

<2> :£ 2fe £ l-Hl £Al^ ^^A|6|]o| ,^5). ^^^^ 7l|sJ=aio] AH 

<4> £ 4fe ^ ^^^Sl -a^Alc^loll Ol-^ ^on ^-g-7]fi] 7)1 ^^<y 

<5> £ 5fe ^ 't'^Sl <a^Aldiloi] it).^ ^on - ?fl« ^ o.A^ ;,io) 

['t'^Jo] ^s].^. 7l-^-§o): ^ ^o>oi^.eH7)-i 

<6> . ^ 'f^-ar 1<5^ ^^71 ^ Oil, ^HjSl-fe ^]^^o\] i^-^l- 

Ji4 ^T-Allsl-711^- oj&^Sl^- -£-^0.5. wlS>Al7lfe- 
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<7> ^J^l--^^ €^1-^1 7)^0] :^^^Vaio] ^Vefl^ ^lojuV Si^i-)-, 

■i- ^^Sffe ^'l^^: ^^«l-7fl -Pr^l«>7l oj^cfjl :g-t>-l "fl ai-g--^ ojcf. o]9^\. 

^(TAH: Total Artificial Heart)^!- Jii ^^KVAD: Ventricular Assist 

Device)^: ^ ^ii:!-.. o]^ a]^^ 7.}<^ ;^1^S>J1 o] 

^ll7iSl-xl ^Ji tflx] -<?-^ A)^ol 7]:^^ Ji££t.>4. 

<8> jiifc ^^1<^1 xt|-e]-, ^Ivfl olAi^(intracorporeal)2l- ^fl 

i-l^ (extracorporeal 9X^. ^^-^ aj^J- 

;<11^ ^ ::aoll it}-# olsl-g-o] ^lal-s]^ .av-^. Jiat ^^Ife- 4<?! 4J^# afl 

o]^]^] 2^:2, iQHol o|J£^ ^ ol- ^3^1] Aj ;^ tji^. ^I^^f 

l^oll ^Sl- <a^S>Jl "a^oflAi ^<a^ l<?fl^ ^llvfloflAioj 

<9> 112: ^^Ife- >a;S-2j 7l^-ol <i)«- fr^lEl^ ufl . f^i o]^ 

^fli-lHl^i tgoji^i^ -.g]^ s-^ 7|-^ ^oH 
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<io> l<jn Ifrfi^ «j-^<Hi a|-a> ^^^^ t^-^ ^H^^f wl'^^^'^^ 1^ ^ 

Sfe ^oflo) #0^0]^^ ^fl¥3l l<a}<:>l M^-#tl5L^ Hi 

yV-^A^ lojj ^oflBl. ^#S>fe- <a^em J7^o.5_ Sl^AlT^ 51:^^0)1 

<ll> ^^-^^^ €^ ^^S] O]^ ^^o]] 01.^ ^2).^ frtSl-fe- ^J-^lfe, 71^1^ Ell 

71 o] o].B|CL^. ■a-S)^ 71-Sl-^- ^^j-^'.^ti^lS] ^Efl 71^^ -^ei -a-Sl^ 7VS)-^ 71 

fe- 'a-^^7l« ^^S^^-^ofl ^4^}^ S^^^7l» ol^sj-o^ ^on^nlujl- 

^^6.5. ^^Sj^S. ^^^H^q- ^7l<a-^7ll- ^OKV 7l7loJl o)^ 

^J^-t-* ^^*H O)*^^^ 7|1A1*V :-j-^l7)- 7fl'iVi:)7l5^ ^}3X^ . O.^]^} , o]^]BA 

^-^^^S^ ^7l<a-%7ll- T^-S-^^lfe- -*f-5^l7> Hil -^71^1 

015-121 ^4^o]lAi Af-g.Sl-7171- ^"il ^Hel-, ^421 O]f:o11 ;(11^> ^±7}^^ 

<12> ^ 't<^^ ^>«11^*# ^O.S.. ^ 

Al^Efl^ ^l^Sffe- <jJo]4. 
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<13> -^V7]^ ^w^] €■ "^Hdofl ol-^'d, 

<14> l-ifl ^Hl- ^^A]-7l7l ^^^^ to^ ^-^-71011 o;(al 

■frSf^ 'iS.-f^^l- ^^l^S. l^Jj ^^711- ^]^B}-cf. 

<18> ^7] ^ ^^o^ loji ^E. ^^7)cHl tc^sig, .^7) ^«Jf^: 

<i9> *i-f^2l s'li^'ii^ ttl-iil- --d^^^A^- ^,3 7Hi^# ^1^1*1-^ 

<20> ^71 ?5oi ^i^oll 9^ 9]Vi\; 

4^tHl Hfl^li^lJl, -^01-71 -iS-^S ^^t^-^l^i '^)<^1 =r^S]-^ll ^'■71 ^i^^f^^ 
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<24> ^7] ^ ^'^o^ t-^^ ^*7lo1] Oj-eijl, 7}o]E.^ ?fl 7}- 

ol^oJiL. ^7] 7l-o)c cB-g-t-fe iLl^^ 7}o]jEi tfl-g--^^^ Sir:)-. 
<25> ^ ^'^Sl l«in ^-^71 o]) Oj-aig, 5g 7].olct. ^s:^ 7]- 

<26> ^1-71 ^ l"?!! ^-i-7lo)l tt}-H>^^ .y-7] 7>o|H-b -^-^-1- ^ 

<27> ^>7l ^ l<?fl %1ir :^.^7]oil ll^^t^, -^-7] 7>o)Hfe ti) tfl ^ 

<28> -^1-71 ^ ^ii§i2l l<?-n ^-S-?].*)] ttj-^'a, -^-7) ^« 7H^^ ^^chl: 

<29> . '^■71 ^ ^^21 l«5fl ^-^7H1 4 2 'a. 71 ?^ 7H ^fe Ji;^^7|- Sjfe 

-Y-«a ^c]-. 

<31> -^1-7) ^ ^^^^2) ^= ^-^71011 ICfa.'d, ';>,l-7) 'is. -fa <2l^J-^fe 

^71 'isL-fa s>^2l 4e> l-c^^al ^A^^ ^£ ojc).. 

<32> >^7l ^ ^E. ^-^71011 ttl-E.ia. ^V7l 'iS-fS: Sf^grOll^- ^ O] 
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^if-o\] Hfl^lSlJl, AV7| S.E|-Yfe S>-?-^^ 

<34> ^7] i^^.-?-^ tr>^2l ^^Ollfe- ^7] ^S|-fe fa-fS 7H^ 
7)- ^UlSlJL, 

<35> ^7] 3.^^S] S>^^0flfe ^J-7] 'iS^S 71-olSL 9^^Jf-i- 7H ^ ^> 

<38> ^^7] ^ »^^o] ^on ^^7] 01] 14 Si^, ^7] S}-?"^ . :^Efl«l 

<40> >^cj-7l ^ l-ai ^^^^7) oil tCfH..^, Aj.7| o.^^ o] 

CH, -^71 7|lclo]o] c^uj >j^oj) ^V7) ^ 7] a) o] ylo^ifs-). '^^#E]^ ^^o] 

51 1- oi^a-ai -pr^^ 7H, ^ ufl^ofl 7l<H7l- -^^a.sl'H ^71 -n-^<§ 7]olfif 
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<4I> ^7] ^7] S-E^o^ ufl^ <^^6\] ^^S]J1, -^7] ^ 7]o]^ ^^^9]- 

^AJ^ ol^D^, ^7] ^ 7]<>]^ ^7] 7l<>)£> o^Afll- o]^ 014 

<42> ^7] a. ^T^o^ ^oP ^TT ^^7loll V^E.^, fS.-fS t}] OV^^ 

t}7\ =3-^11- ^U]^ ^£ Sicf. 

<43>. >a-7l a- .g-i^o^ ^on ^^7] 0)1 nfa^, ^1-71 ^^^1^: 

<44> ^7] tS.^^ Vfl %^*>7l ^t!- "?J-^ Tfl-^l^l^^)-, 

<45> ^V7) ^^_-^r^ "-H -H-^fl* #^.^1717] -Pr^l 

<46> >a-7l ^S-fS >a-7l -fr^l ^3 Afo)ofl Hfl^lSlo), ^r^joi o..^^ 7i]<>ls}.fe- 

<47> TflolxlS). ^7] ;«flcH :^o]t:}^ ^o]^ 

<48> ^ ^'^^ £E c|-€- H'il'Hl n1-^?i. 
<49> ^-^ofl ^^S^l-7lfe- 

<5.> -iS.-?-^ ^7] >^l-7) ?flJfo] ^/H ^-^ofl 4e1- 

^Sl- 'i5.-<?-^ C)-:^, oil- A>ololl 7^4^]^ ^7] 'iS.-'?-i5: Sl-^fil ^ 

frSffe- 'iS.-f^-^l- S#S>fe t5» ^xr- Zji_^7l; ^ 
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^oj} ^^M. S.^t[^ l^-Sj^S. ^l^Efl^ -4^^^. 
<53> olsV. ^-Y-^ ^ ^i^fi) ^Alc^ll-o)] cl)5>a^ Jicf ^ 

<54> :£ ^ ^tgo^ <y^A]<s|loll ^ojj ^^7] ^ fon ^a) 

1°-^ Al^E^O^ 7fl3^=^^0] A]- A] £7]- iAli:l0l Jl ( Cl^ 7] , Jg- 

^1^ ^5^^), 3«11fe 1^ Al^iEjo] 7fl^<^^ S.<i]S.7}- iAlSjo] 

£ 4<H1^ 51.1^^ 1^ T^-i-7lii| 7^^^ ^^^7l ]£A|5)c>) olcf. ^ 

. 01]. 4s ^on ^:g.7](ioo)^, 5LEl-if(120), ^^^(140) ^ 150)1- 

^^1^4(SL 3 #^). • 
•<55> . ^^^^ HE] ^(120)^ ^^^^ ^A^Al7liL. A^ 

^S^iims. ^^tbcf. ^,§^(140)^ 5LEiJf(120)^-^El ^l^l^^ 

<56> S.B\^(120)t: ^^^(nO) i.l]oil :^V^1-Jg ^tflo]El(121). 5-El(122) ^ 

, (122)^- ?iS)<>l <?j3li:]j7, >;EflolEi(l21) ^ ^.E-1(122)S) ^^-^ ^-g-^H ^^}^ 

(122)7> s\^^■i: 'S-^^Aj^uf. £El-^(120)al 4^ 

■ -^-^ ^-gr <?j^ Ol-C> 120) si <S^-^# ^ 1 ^ 5i 4<HlAife 
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S.6)-¥-(120)fe 150)21 t}^o\] ufl^lvl^-dl, o]^ a. ^^^^ ^^^7] ^ 

^^Sf^- S.E-l£ ^^^r ?1^7l, BLDC(brushless DC)"^ ^£ ^fe '::f'^o'^^^ ^ tl]!- 

<57> 5LEl-!f(120)5.^Bl ^^A^^ ^^^^ 5^-^(140)3. ?i^-^t:f. ?^^(140)fe 

?^(142). 5S?1a1(141). 7H^( 143) 7] oK 135)1- 5L^^>4. S. 1 S. 

40]] aj-fij. ^o], 5^(142)^ S.E]^(120)2l ^AJ^ o]^^- 

^ J2.E1^(120)^ ?flJf( 140)21- «ViLAl .^.Aj^ ol=olo> 

o. ofum, 7^^^^ ^-ilsJ-Al^ ^ oic^.^ xjo,]A-1 a-El-t-(120)5L ?«-t-(140) 

<58> ^^(142)21 -^S^O]]^ -7ltH(141)7> ^J-^VSlfetll, ?fl -7llH(141)fe Bfl 

^1^1^ S.B]^(140m ^S.^ 5^ 7^111(141)21 <U^SLS. s>-foll all^l^ 

5LEl-Y-( 140)1- ?5 -7101(135)71- afl^lslfedl, ?» 7] 01(135)^. s.B]^ 

(m)s:^B] Ag^^^ ^^wl-fecl-. 5E. 4o\]^<] /]ol(i35)^- ^tj-4^7l(l30) 

21- oi^Sl^ Vll^ 7101S. ^A^Sl^i^t-ll. Pl^ ^ ig-^-i- 'a<^l5.Al 
?5 7lol(i35)o^ ^S7l- o]o\] n^^i]^ oVujcl-. f«(142)2l ^-f-^ 2l^ijIo)l^ 

11^^^ -^l^fe ^5 7l-olJEL( 143)7}- Bfl^lSl^r^l. ?« 71-01^^(143)^ £ i6\] £ 

Al^ «l-2f ^Ol Aj-Zl- SS^^^ Ol-i- ^£ Oljl, ^xl- Ol-t ^51 5a^'1, 

:i2^-l7V Xlfe smol oil- ojji, 7^0.011 nl-c>A-l^ ulcfl^ 51-^^ 

•^i-i- =i-£ sife ^ 4^ 2:^1 oil t^ef '=i-*y=t^ •^^o'-i- ^'gt sa^f. 
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<59> 'i^^-?-2:-if(150)fe ^J-!f(140)S] Aj-cVoll Hfl^lsl^-d), .ffl^,_O sif(150)^ -gS. 

^^(152). 'i^.-fS S)-:Q-(153), o]^ ^g^-°r:2i ^ *>^(152, 153) ^fo) 

-"^-T^t^ "^^^-^i^i i^^t-^- ^ii^n .jioi-t ^ o^cf. 'is.-fs(i5i) ^rfoii 

(152) 2] Urciofl^ sf^(152)'Hl =1^2!sf7ll o].£flo)l ufl^)^ ?fl^(i40)^^ 
S><^ 15-4-^ Sl-^ ^^-^(154)7> ^ul^cf. lis.-?-^ S]-^ <a:^J-Jf 

(154) ^ £ 1 ^ £ 4011 SAjsl Hl-fif :g:ol, ?«if(i40) %l^«H afl^lslsj, 
^5-*r(140)2l <?l^cHl HflAl^c]-. « <?l^<h-Y-(154)<Hlfe- ?J 7l-o|H cfl-g-if 

(155) 71- afl^lEl^c-ll.. ?« 7H^ i:fl-S-^(155)fe ^^^(140)« t«H ^3.^2: 
•^^j-if (154)2] i.}]^-^oil BlI^lPlo] 7fl(i42)2l 21.^1^^ cc).e> ^^^sl 7l-ol:^(i4 
3)21- 3k^^^. ol7l>H. 7HH(143)^ 7}o]^a]ji^ ?n 7H^ tfl-g- 

^f(155)fe 7l-ol^ cfl^ifo^ Sl^'-I, ^ '51:^1)21 ^A^, ^ yfl 71-olsL 

(143)7> 7>olHolj7, 5g 71-olc cl)-S.if( 155)71- ?« 7MH cfl-g-if. 

^5L SZfe- ^ t^-'^ot?}- ^*^'^1 7>^*]-4. 
<60> SE?!-. -isL-f^: §1-^ '?l^;^(154)fe S. l^fl S-A] ^ ul-fi> :^o] '§5.-f2: Sl-^ 

(153) 21 21=-^* ttl-el- ^A^slfe ^^^Jf^a -t5L ^Ji. S^lsl^lfe ^St 
^5r^^5. 'fg^^Klfe 'iS.-°r^ <a^-^<^lfe 7ll2| 7HH71- 
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5a4. i£?>. S}^ ^^^^(154)^- 4011 51 A]^ a)-a> ^o] ^ oj^ol ^ 

H <d^J-¥-(i56)<^) u-1 ^uisjji. aLE]-!f( 140)2:1 t}^^{no)3:\ "^^^ife- 'is.^^ 

7HH °^^-!f(l56)« 7H^«M ^^1- 'iS.^^ 7)-olH(157)7> C-1 ^ 

^. ^-?-oii ttfeH. ^^^^ «i-7r 'is.-?-^ 7H^ -a^j-Y-dseyfe 

-g- Ej-ojoln, .iS.-<?-Z: 7l-o]^(157)fe- ^- El-ojfij 7}o]^ "Sl^J-^dSG)* 

S-fS ^^>-^(154)aV^M^i: •^^^71^1 2>fe ^i^o]]A^ cfo^tBl- -7A^^ - 

<62> S.El-^(120)i4 ^5^(140) ^1 ^ilr #1^ H 

'^I'Hl ^tl- "1)711^11, ^ #£5+ £H ?V2l 7l-^-Sl-7ll S>fe ^l-^7ll- •^l 

<63> £ 4'^1^ -^'^^ 7lo1 ^m.(130)7} 5E^^ ^'a3^7> S.Als--l:ii. £ 5CH1^ f^Aj 

7lc>l A-lie(i30) 'ii^ ?^-*f-(140)l- JtWfe- ^^21 7l|^<sj<a ^g- 5|«15L7> £Al£l<>) 
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$M. -Pr^^ 7lo| Ai|E(i3o)^ ^■^^o_S.^]&] ^ 7lol(i3i), -yfl e) o) ( 132 ) . Sj-H 
^l^^l -Pr^J 7lol(133) ^ 7lol(135. ^J-«r(140) ^^fl^ife 7lol)l. ^til^t-cf. 

<64> 5LE-)-Y-(140)a] Si-f^U 110)^1 ^^^Ife ^l-^f(lll)7> ^HlSlfecll, 

-i-Sl-o^ ^^^o^Aio^ 7] OK 131)7} >a 7lcH(i3i)fe ?fl 

if(140)a]- <>lf-H, S>]^o]] 7]o]7} ^^^^cf. •7liE]cH(132)fe SLEl^f(120) 

^EK122)^ v1]^^O.S-*f-El ^A]^O.S.Alo| ^ 7lc>)(131)l.^^^H ^^^51^ 

4 ^^rrt: ^S|-o^ -7fleH(132)Si> ^ 7H(131)Sl 9]^^ A].oHlfe S-Ei wfl 

o1^(123)ol -tSl Sicf. 7l]slol(132)S] %^ ^o]]^. ^ o]^s] fr^^ 7] 

o1 (133)71- ^tilSlfe-t^l. fr^^ 7lol(133)fe ^ 7] o1( 131)^1 7]ol^Stl- ^l-^lcf. ^ 
7lo1(135)^ ^ 7H(i3i) ^ 7)1 el o) (132)21- -g-Al^ ol^Dl ufl^oil 7lol7l- ^^^51 
fr^^ 7lol (133)5.1- 5l-#elfe-cfl. i 401) ^ife ^^•?-(140)fil 7H( 135) si 

<g^l- '^l^fe £A]Elojo.ul. oHl ^^3?lfe- oiqcl-. <:^7lAi, ^ 7)01 

(131)fe ^^^^ ^^}^ ^:.E-1(122)4 <d^€ •7lliilol(i32)-i- <?jgi^o.5.. n 

5lJl ^ 7lo|SAiSl ?» 71 ol( 135)1- -i^SH ^J-^ 71^^ ^S^^ ^£ 

f^4]^^S.A-l <d 7I0I2I A^Sl^ 4^ Al-ojroll ii|e> 

l-ol <^,Sl;ji 1)1^1 Sl^fflfe- ^^SLl: 3t^^^il5.«l #^^o.S.^i2l 7lol(i35), ^ 

<65> olS-l- 7^0. y± »^^o\] ttl-# ^QW ^31 ^.g-7|( 100)011 2\t}cr] ^t} ^ 
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150)1- 1"?^! ^^(200)3. ^I'tSlfecfl, ^^(152)^ 

al^ 5|^JiS>7l 'i^-r^ -^-^(152)4 «V-r<Hl afl*l€ S.El-*f-( 120)^1 

*}-f^(110) AfoHl^. 4^1^f(160)7l- ^til-t. -t- ^4. ^1 

^l^(160)fe £ lofl Ol-St). ^o] ^- ^o^o^ Si-^M-. <^HI ^^^]^ 

<66> £Et]:, 'iS-'^^-?-(150)S] ^S-f^ ^^^(152)^1^ <a^-¥-(170)7> ^HltlJi. 

^■¥•(150)21 ^^<H1 ttl-el- -^^4-^(152) tfl ^ulsjfe -fr^H , ^ 7]^ ffife 04 

Sl^-¥-(170)« Sl^^dSO)^ -i-sH ^^(200)5. ^''-^ 

^^(200)21 ^l->^fl?!: ^A^^ SAls];^! ^$^0,4, 0]^ ^-^Tflofl :fAj.^o.5. Aj-g-S] 

<67> a t!-^, ^ 'li^'^'Hl 4€- 1<4 ^-S-^lfe ?>^^<^li ^^-g-^ 

4 'a-^ ^lol ^'-^KSOO)^ 'i^--?-S-^^(150)2^ "it^ "d^^ 

(3io)-i- f-*H "S^sifeTHi, 'is-f^^c 150)21 i-fl-a-^ 4^*1-71 -a-^ ^jA-is. 

^12] <y-5| 7llo)xl(330), »iS.-?-2:-Y-(150) #^^1717] 0.^1 

(340)21-, .iiS.-f^^(150) ^ -^-^fl n!!H(340) ^yo]o\] afl^jSjo] -B-^]2l -^-^^ ^o] 
o}^- J^floi 'iJi(320a.b)2K '?j-Sl ?l)ol;^) (330) ^ ;<1H •iJi(320a,b)2|- iL^-i: ^l-f- 
xlH 'i«(320a.b)oll J^flo] <a7l-SF^ -a-.^ >«llolif(350)* ^vi)t!-4. ^. 

«12|- <a-sj ;^11ol ^^](300)1- 1-«H. I'^-i! ^I£(200)'>1| jQ-^slfe- ^^"^^ ^^j 
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^(200)<^l Jit:)- 91^^91 ^-S-^^ Sicf. 

^■^1- ?]]<>] ^s.7\ <?l7>slfe ^E]ioiEi(i2i)iq-^ ^s. ^-g-o]] 

SH S-E1(122)7F ^^l^cf. 5.El(l22)7l- S.Ei(l22)'^1 ^-^^ 

^ -7lle]^(132)7l- <a^^^S-^i ^^«><^ ^ 7l^>1(131) ^ 7lo] (133)2] ^vs: 
al-g-ofl o^s>o^ ^^^V ^£ ^ ^uls>fe ^ 7lolS.A^o] 5,fl 7lol(i35)5. ^^1 

7H(i35)sl <icl-oil o^^^ -m(141) ^ ^^(141)^ ^^'ll 
^^(141)ol s\^^o\] it|-ef ?fl(l41)2] Pj^'goil 51-^4 ol^fe- 

?fl 7l-oli^(143)fe ^J(141)S] Pl^ofl ^^ISJ-^ 1^4-^ c^^-s?-(154)s] ^-gofl 

^^j^ 7>olH cfl-g-if( 155)^4 ^^^SLS.^ m <^1^^I ^4. ^ 1-^1 

- fe- 'i^.-f^ Sl-^(153)2| SKJ- ^Bfl7K :£ 2oflfe- 'iS.-fa «l-^(153)2l >a-^ 
7]- £Al5]ol oicf. ^5L^^ Sl-^(153)«1 ^d-S)- ^^i: ^^il^-^-l ^i^--?-^ 
(153)<H1 -a^^ «|S-fS(151)fe ^^/^^ 'Sr^sni ^4. 'g^-?-^(15 

1)7]- 5g^V-r^«H »1^-^^(151) ^H^l uiS]-^ o.^.«] , ^^_-fS(151) v}laf<Hl all 
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